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(54) CnOCOB Ul3rOTOB/1EH^ TOOPL4PO- 
BAHHOPO CTA/lbHOrO H/lACTblPfl 
(57) CymnocTb M3o6peTeHM9: TepMoo6pa6oTKy 
nnadwp* TotcaMt* bwcoko* vacTOTbi ocymecr- 
en«K)T nocne ro4>pMpoaaMw». a cm33omhum 
c/iofl hbhocat nODTOpHO nocne oxna*A<iNW«. 
npeA^araewbJ^ cnocoS n03Bon«eT aa c^eT no- 
BWUieHViw nnacTViMMbix cbo&Cyb MeTanna Ha- 
AexHO o6ecnevnTb repMeT*3am*K> 
pewoHTMpyeMoro ysacTKa cKea*Mnu. 1 xao/i 



H3o6pereHMe othocwtcp k o6pa6oTice 

T3fl/ia A»B^ HV ^ eM » 0 M3CTH0CTH K Y6XH0AOrMW 

MSfOToaneHU* ro4>pMpoaaMHbix rpyfc. 

Ochobmwmm on«paun»Mvi b TexHonornse- 
ckom npouecce MsrOYoaneMwn tomkoctchm*ix 
ro<t>pMpoBaHHWx Tpy6 »B/iAerc« xonoAHa* Ae- 
4>opMauMA. Hanp^Mep BonoMeni^e vi npoxa-nca 
Tpyfc. xviMMHecKaj? o5pa6oTKa. YepMwmscicaR 
o6pa6otKa ch*tmr oct3tommwx Hanpaxe- 
HM &, B03HwtaK>iu*x b peay/ibYaYe Ae<J>opMa- 
uviw n npo<t>vWMpOBawMfl mctoaom hskstkm. 

W38€CTQH cnoco6 M3roToan€MH5> rpy6 C 
npoAonbMWMW nxfrpaM* nyreM AayxSTanMoro 

4>OpMOB3HWn Tpy6bi-33rOTOBKW. npWMBM M3 

nepBOM arsne ee ro^pwpyiOT paA^anbHyMM 

yCM/lMRMM. a H8 BTOpOM 3T3ne 06MHM3IOT b 

npo^vi/iMpooaMHOM BO/ioice. 

Oflwan'O B03HwK3iOiUM© b peaynbtare 
c/KWHOfl A^opMaunti ocTarosH^e Hanpn*e- 
hhp ne A8i<yr AoctaTOMHOM nonepe^MOA npoM- 

HOCTM , M«T8Hil CT3HO0 MTCfl XpyHKMM M 



H«npnroAen a xa^ecYBe .macTbipa npn pewon- 

T6 06caAH0ft KO/lOHHbi B CKBa**He. 

flfl* CHAYM* OCTBtOMHblX HanpS*eMW* Tpy- 

6unoAoeprs»OTTepMMMecKOft o6pa6oTKe - ot- 
*wry b neMax Ywna nCO-06 m/ih ^r.O-09 w 
nonyMeHwa Ha tpy6ax okwcmo& nneHxn, bw 
nonHflK>tuevi <J)yMKUwn noAM330nHoro noKpw- 
tm* m o6noAa«otue(^ AOCTaro^HOin 
nopwcTOCTbio v\ 8ACOp6a^onMOCi cnoco6HO- 

CtbW K CMB3<e. 

H3BecTen TaKiKe cnOco6, npw kotopom 
TOHxocTeHMwe npo4>n/ibHbie Tpy6w npaBwr 
pacTBKeHweM m pa3A3^eft c HarpeBOM Ma ane*- 
TpOTepMMMecicoM o6opyAoeeHMM. CnaNana 3a- 
roroBicy Tpy6w HerpeaaiOT tok3mv» 
conpOT*B/H?Mw* ao tBMoepaTypb* OTxura. a 
3SYCM nocne oxnaxAeMM» pa3Aaior npn oomo 

icoMimecKoi^ onpaexvi. 

HeAOCYaYOK cnck:o6a 3ax/ijoMaeTCP ft tom. 
^TonpM Hano>KeHvivi r»nacTbipa ^3 MeoToxc^en- 

HbiX YDV6 5-tOtfCT OpOWCxOflHYb P33PUB HO 

np04>^bMO^ uopaayotuevv 3 npw hb/iojkcmmm 
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n/iacTupa n3 oTox*enHbix ipy6 c nocneayK)- 
iuv*m ro4>pMpoeaMMeM mo*ct r.ponCxoa"Tb 06- 
pa3oeaMwe.Mun<poTpemMH bo snaAnnax n na 
owcrynax npoAOnbnwx ro<t>p npn Ae4>opM3unn 
mx ao uwnnwflpMHecKOii OopMbt. KorAa ee nno*r- 
ho npn)KMMaK>T (HaK3Thiaa»oi) AopH*py»ome* 
ronOBxo* * anyTpeHne^ noeepxnocTvi o6caA- 
ho* ko/iohmw. B peay/it-Tare *<e o6ecneMwea- 
eTCA HaneiKHOCTb repMerwaauwu n3-aa 
HM3KOM n/iacTMMHOCTM MeTanna rcxppwpoeaH- 
HOro n/»acTbipH. 

UenbK) M306peTehn» »B/iAeTca noBbiwe- 
HMe HaAe>KMOCTw repMeTvoauvtw o6ca*ennoa 
CKBaJKMHw nyreM nOBbiiueHM* nnacxwMHOc™ 
MeTanna n/iacTwps. 

CyiuHocru M3o6peTeHHP 3axnK)MaeTca b 

TOM, HTO TepM006pa60TKy T0K3MH BblCOKOW M3- 

ctotw ocymeCTB/i»K)T nocne ro<t>pupoBaHna, a 
.aaieM noBropHO HanocnT CMaaoMHbiw cno*. 

B pe3ynbTaxe 3KaxonepeMeHHbix Ae<t>op- 
MaUMft, KoyopwM noAoepraeicfl MeTanna Tpy6 
npu ro<t>p*pOBaHWrt kax b npouecce iwotob- 
zieHMfl nnacTbjpeii, rax m npw pa3Aa^e b npo- 
uecce ycTanoBKvi b cKeaxunax. npowcxoA"T 
3nasMTe/ibHoe ynpoHH6Hne MeTanna. npwseM 
Han6onbtune awaMeHun ynpOMHeHvtw npwxoA- 
RTca Ha BnaA^Hbi rocppupoeaHnbix Tpy6. 

M3MeHeMwe tbcpaoc™ (Hv) CTanw MapKM 
10 npw TepMOOGpa6oTKe, ro4>pwpoBaHwn vi 
pa3Aane rinacTbipa noxa33Mo b Ta6/iv»ue. 

143 Ta6nviubi bwaho. MTOTeepAOCTb MeTan- 
na n/iacTixpa nocne pas^a b o6caAHOft Tpy- 
6e AOCTuraeT Haw6onuuiux 3HaMeHufc. ecnn 
nnacrupb waroTaBAneancs us KeTepMOo6pa- 
6oTaHHOw rpy6w. (Ipw M3f oTOBneHHW nnacTbi- 
pe& M3 npeAeapvirenbHO TepMoo6pa6oTaMHbix 
Kpyratjx rpy6 npu ro<t>pupOB3Hi<m reepAOCTb 
necKO/ibKo cHu^aexca no cpaBHeHUK) c neTep- 
MOo6pa6oTaHHbiMw 3aroTOBxaMi*. ho nocne 
pa3A3Mw TscpAocTb aoapacTaeT hohtm ao tow 
xe Be/iuMMHb4. mto w 6es TepMOo6pa6oTKw. Oo- 
cne YepMunecKoa o6pa60TKn ro4>pwpoBaHHbix 
ipy6 c narpesoM tok3mw bucokow mbctotw 
TnepAQCTb mx CH**aeTCR 3Ha4HTenbH0. a no- 
cne pa3A*HM ona Me^bUie. y HeTepMOo6- 
pa6otaHHbix. 

B omMwe or neMnoro wnvs ra30Boro Ha* 
rpeaa npn o6pa6oTKe 3aroroBKH ToxaMU bwco- 
ko* sacTOTw npowcxoAWT He3HaMMTenbHoe 
M3MeHBHv<e 4>opmw ee npo4>wifl. Ha noeepXHO- 
ctm Tpy6w o6pa3yeTc« tohxh* cnofl oxa/mHbi, 
KOTOpuH He OTcnaueaeTcfl b npouecce Ae<J>op- 
MauMM - oa3Aa-»M. CNia30MHw* enow naHOCMT- 
CP Hd BHyTpeHHiOJO noaepxHOCTb 
oTo^K>xeHHwx npoAonbHo-ro<ppnpoBaHHbix 
Tpy6 nocne nx oxnaxAennfl. Oh npeAOxpan«eT 
BnyrpeHHiOK) noeepxMOCTb ot KOpp03nOHHoro 
pa3pyujeHM» e npouecce 3KcnnyaTauww vi cmm- 
>xenMR occowx ycwnvAM b npouecce pa3Aaw 
nnaCTwpe^. 
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n p m m e p pCMOwra o6caA»ovi ko- 
noH«b* a^wwgtpom 146 mm c Tonu4*HOMCTeN*w 
8 mm nnaCTbipb MDroTaannBaioT u3 lOHKOCTen- 
hom Tpy6w ziwaMerpOM 130 mm C TOnuiMHort 
creHxu 3 mm h3 CTann MapKK 10. Anwna Tpy6w 
9-11,5m. 

Ha BHyTpeHHiow noaepxHOCTb rpy6w Ha- 
wocftT enow rpa<J)WTOBOti Mnu APy^ow cm33kw. 

npeAH33HaHCNHOtf Afl« CHMJKeHMH yCM/IUM TQ^ 

pwpoeaHMfl. rotppupoBaMWe uvinunAP^ecKOw 
TpyGbi npon3BOAJ»T H3 cneuvianbHoii yciaHOB- 
xe nepe3 po/inKOBy»o ro/iOBxy c BnyTpeHHew 
npo4>wnbHO^i onpaaxow. flonyMaeTcw npOAonb- 
HO-ro4)pwpOBaH«afl tpy6a c napyxHwM A^a- 
MeipOM 1 1 6 mm v\ wcnoM ro4>p 6 wnvt 8. 3aieM 
npon3B0AMTca pwxTOBKa ro<})pupoBaHHOw rpy- 
Gw nocne OTpesxu ee na 3aAaKnyio Awy 

3aieM npow3BOAHTCR TepMMMecxaR o6pa- 
6oT*a npOAonbHo-ro<t>pMpooaHHow rpy6bi - 
HopMann3auw« c HarpeaoM TOxaMw bwcokov^ 
MacTOTbt na ycTaiioexe BH V 30/6. npu stom 
npoAonbHO-ro(ppvipo8aHHafl TpyGa ycTaHaa- 
nwBaeicn ropviaoma/ibHO na ponnxOBbtx ono- 
pax * c onpeAeneHHOut cxopocTb»o 
npoAB" r deTca sepe3 whayktop. 

Oxna>KAeHMe Tpy6bi npow3BOAWTCfl na 
B03Ayxe. CMa3xa. KOTopan 6wna naHecena ne- 
peA ro4>pwpoBaHneM. BbiropaeT. 

Tax xax b cxoa>KMHe npw ycianoBKe nna- 
CTbipfl & KwepBa/ie peMOMia npou3eOA^TCJ3 
pa3Aa^a nnactbipn AO xpyrnovi 4>opMbi m npvi- 
ttatna k CTeHxe o6caAnow TpyGba. to npw 3tom 
B03Hvik3»ot 6onbiuue KOHTaxTHbie Harpy3xn 
Me>KAy nnacTwpeM m wHcrpyMeMTOM a^« P^ 3 " 
A3mh. ^/ib CHvixennA 3TUX H3rpy30K na aHyr- 
peHH»o»o nosepxHOCTb nnacTwpB h3hocmtc» 
btopmmho CMa30MHbi* cnoPi, KOTOpwvi cny)ecwT 

KBK AHA ChM>KeHV1B yCUHklCi, B03H WKaKDlUHX npH 

pa3A^e nnacxbip^. rak n A*n npeAOxpaHeHwa 
3toi^ nOBepxHOCTM ot Koppo3uOHHoro pa3py 
ujeHUfl e npouecce 3KcnnyaTam*w. 

Co^eTaHua TepMn^ecxovi o6pa6oTKH nna- 
CTWpeCi nocne ro^pupoBaHwa w H3H-ceHwe 
CMa30MHoro cnofl Ha BHyTpeHH»o*o noee^x- 
MOCTb nocne TepMMMeexo^ o6pa6oTKM no3so- 
flAK>T no 8 MCMTb nnaCTUMHOCib MeTann? 
nnacTwp o5ecneMviTb 6naroA3P« a^OMy na- 
Ae*HOCTt> repMetwaauuin peMOHT^pyeMO^ 

CKBa>KHHbi. 
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d> opMyna vi3o6peieMv»» 

Cnoco6 M3roTOBneHua ro^pwpoeaHHoro 
CTanbHoro nnacTbip«. npeuMymecToeHHO 
peMOHTa o6ca>KeHHo^ cxsaxuHbi. BKn»o^3K)- 
uium TepMOo6parjoTKy aarOToaxn, Hanecenuie 
CM330MHoro cnoa na BHyTp€HHK)K) nOBepxnocrb 
3aroTOBxu u ee ro^p^pOBanwe. o t n v» h a »o m m 
c « TeM. ^rro, c uenbK> noBbJujcnus HaAe>«.HOCTiA 
repMetM3aunM o6ca>xeHHort ckb.incuhw nyreM no 
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BWiueMMn nnacrnHMOCT* MeTa/ina nnaawpfl. ocyu4eCT©/i«K>T noc/ie ro&pMpooaMna. a 33Te*i 
TepMOo6pa5oTKy toicaMM ducoko* sacTorw noBropno h8mocht cM830Mr,utf cno*. 



Mwe Harcpnana 




8 HA 06p860TKH 




Ao ro4>pHpofiaHMsv 


rioc/ie ro4>pvipor- I 

B8HH5? 


TepM005pa6otka 
noc/ie ro<t>pMpoea: 
hmp (HOpMann3a- 
uwa)c HarpeBOM 

TOKflMM BWCO- 
KOW MaCTOTbll. 


nooie peaA^* 


Boa repMoo6pa- 
6otkw 


1570 


1750 




2020 


C TepMoo6pa6oT- 


1350 


1660 




1966 


6es TepMogGpe- 

60TKV4 


1570 


1750 


1350 


1750 



COCT3BWYe/lb M.Poro>«MHa 
PeAaKTOP HXyMbKO Texp8 A MMopreHxan Koppetcrop H.MycKa 

3 teas 2S65 T*pax floAnncHoe 

8,C BHUVIflU rocy fl apcTB6HtiOfO KOMWTCta no M 3 o6peTeM»«M m ot^tmsm np* TKHT CCCP 

1 13035. Mockbs, X-3S. PayiucicaR Ma6.. 4/5 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 1 30 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1 .5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 


Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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